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RELATED APPLICATION DATA 
This application is a continuation of U.S. Patent Application Serial No. 09/954,676, filed 
September 12, 2001, now U.S. Patent No. 6,652,529. 

FIELD OF THE INVENTION 
[0001] The present invention relates to an apparatus for treating a supracondylar fracture of the 
femur, and one or more methods of treating such fractures. 

BACKGROUND OF THE INVENTION 
[0002] One injury which may occur in humans is the fracture of the femur. Most commonly, 
femur fractures are associated with the proximal end of the femur. These types of fractures often 
result in a fracture of the femoral head from the remaining portion of the femur (known as a "femoral 
neck fracture") or a fracture between the neck and shaft (known as an "intertrochanteric fracture"). 

[0003] An injury which occurs less often, but is occurring with increasing frequency, is a fracture 
of the distal end of the femur. As is known, a pair of condyles are located at the distal end of the 
femur. Distal femur fractures maybe classified into a variety of types with reference to the condyles. 
In one class, the fracture is between the shaft of the femur and the condyles of the femur (known as 
a "supracondylar" fracture). In another class of fractures, one or both condyles are fractured from 
the femur (known as a "condylar" or "intercondylar" fracture). In yet another class of fractures there 
are multiple fractures, through the supracondylar and intercondylar areas of the femur. 
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[0004] A variety of treatments have evolved for fractures of the distal femur. One common 
method of treatment is illustrated in Figure 1 A. Illustrated in Figure 1 A is a fracture of the first type, 
i.e. a fracture of the femur proximal to the condyles with the condyles remaining intact. In 
accordance with one method of treatment, an exterior plate A is positioned along the exterior of the 
femur. As illustrated, the plate A has a number of passages there through. Screws B are passed 
through the plate A into the femur both in the region of the condyles and an area proximal thereto. 
In accordance with this form of treatment, the plate is used to secure the fractured condyles to the 
femur. 

[0005] Other forms of the plate described above are known. For example, the plate may have an 
angled blade in the form of a "U"-shaped extension (see Figure IB), or an outwardly extending 
screw (see Figure 1 C). This angled blade or screw may be directed into the condyles, and then the 
other end of the plate affixed to the femur with screws. 

[0006] The devices illustrated in Figures 1 A, IB and 1C (often termed "condylar plates") have a 
number of disadvantages. One significant problem is that the portion of the femur distal to the 
fracture, i.e. the portion including the condyles, may rotate with respect to the device. When the 
condyles are placed in a position of stress, that portion of the femur rotates both with respect to the 
device and the remainder of the femur. This prevents healing of the fracture or healing in an 
unnatural or non-anatomically correct position. 
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[0007] A similar problem exists in the arrangement in Figure 1C in that the entire screw which 
engages the condyles may rotate relative to the plate. Thus, even if the condyles do not rotate 
relative to the screw, that portion of the femur may still rotate or move relative to the remainder via 
rotation of the screw through the plate. 

[0008] Another problem is that fixation is often made difficult when the femur is osteoporotic. 
In the example illustrated in Figures 1A, IB and 1C, osteoporotic bone may not permit secure 
engagement of the screws or blade. 

[0009] Yet another problem with fixation devices applied to the surface of the femur is that the 
plate must endure significant cantilever moments that may cause the plate to break or screws to pull 
out of the bone. These methods therefore require that the leg be immobilized and no weight borne 
upon the leg until the fracture has healed. For example, with reference to the prior art method and 
device illustrated in Figures 1 A, IB and 1C, the connection of the plate A and the plate itself is 
generally insufficient to adequately fix the fracture to permit the femur to bear weight. In fact, the 
plate and screws generally can not tolerate any significant load bearing at all. This again results in 
stresses which increase healing time or prevent healing, at least without other measures such as 
external bracing, immobilization or the like. 

[0010] An improved method and apparatus for treating distal femur fracture is desired. 
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SUMMARY OF THE INVENTION 
[001 1 ] The present invention comprises a method of treating a fracture of the distal femur and one 
or more apparatus for use in a method of treating a fracture of the distal femur. 

[0012] In one embodiment, the invention comprises an apparatus including an intramedullary nail 
and a blade. The intramedullary nail is a generally elongate member having a proximal end (nearest 
to the condyles of the femur) and a distal end. Preferably, the proximal end of the nail is angled at 
approximately 10 degrees (in the sagittal plane when inserted in the femur) relative to the remainder 
of the nail to facilitate insertion. One or more locking member accepting passages are provided 
through the distal end of the intramedullary nail. 

[0013] A blade passage extends through the proximal end of the intramedullary nail. The blade 
passage preferably extends through the intramedullary nail at an angle of about 84-96 degrees (i.e. 
generally perpendicular) to an axis through that portion of the nail. 

[0014] The blade also has a proximal end and a distal end. At least one of the ends has a shape 
which is adapted to engage a portion of a femur in a manner resisting rotation of the femur with 
respect to the blade. In one embodiment, the proximal and distal ends of the blade include at least 
two generally planar surfaces which intersect at an angle. 

[0015] In one embodiment, an apparatus is arranged so that the blade may be fixed from moving 
with respect to the intramedullary nail. Fixation may be rotational and/or axial/translational. In one 
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embodiment, the shape of the blade and the shape of the blade passage are configured so that at least 
one surface of the blade interacts with at least one surface of the intramedullary nail defining the 
blade passage to resist or prevent rotation of the blade with respect to the nail. In one embodiment, 
the blade passage is generally rectangular in shape and the blade is "I" shaped and sized to fit tightly 
within the blade passage. 

[0016] In one embodiment, a locking member is provided for locking the blade to the 
intramedullary nail to resist or prevent axial movement of the blade with respect to the 
intramedullary nail. In one embodiment, the intramedullary nail includes a passage extending from 
a proximal tip thereof through the nail to the blade passage. A locking member, such as a screw, 
may be threaded into the passage into engagement with the blade, locking the blade to the 
intramedullary nail. 

[001 7] One or more embodiments of the invention comprise a method of treating a fracture of the 
distal femur. One method includes the step of exposing the distal end of said femur and then 
extending an intramedullary nail into the medullary space of the femur from the distal end of the 
femur. Preferably, the intramedullary nail comprises an elongate member having a proximal end and 
a distal end. The intramedullary nail is extended into the femur until the proximal end of the nail 
is located near the distal end of the femur. Preferably, the intramedullary nail includes at least one 
locking member accepting passage located at the distal end thereof. 
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[001 8] The method also includes the step of positioning at least one blade member in a portion of 
the distal end of the femur which is distal to a fracture of the femur. Preferably, the at least one blade 
member is positioned generally transverse to the intramedullary nail. 

[0019] The at least one blade member is fixed to the intramedullary nail to generally prevent 
movement of the at least one blade member with respect to the intramedullary nail. At least one 
locking member is extended into the femur and the locking member accepting passage located at the 
distal end of the intramedullary nail. 

[0020] In one embodiment, the step of fixing the blade to the intramedullary nail comprises mating 
corresponding portions of the blade and blade passage which are adapted to interfere and generally 
prevent rotation of the blade with respect to the passage. In another embodiment, the step of fixing 
includes extending a screw into a passage extending inwardly from the proximal end of the 
intramedullary nail to the blade passage. The screw is engaged with the blade, fixing the blade from 
axial and rotational movement with respect to the intramedullary nail. 

[0021] In another embodiment of the invention, the apparatus includes at least two blades. The 
blades and passage through the intramedullary nail are shaped and size such that a single blade 
positioned in the passage may freely move, including rotate, in the passage. However, the passage 
and blades are configured such that when both blades are positioned in the passage, movement of 
the blades, including rotation thereof relative to the intramedullary nail, is resisted. In one 
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embodiment, the passage through the intramedullary nail is generally oval in shape, while each blade 
is "I", "X" or "+" shaped in cross-section. 

[0022] In accordance with the apparatus and method, an intramedullary nail provides axial support 
along the length of the femur, including opposing fractured portions thereof. In addition, a blade 
member provides secure fixation of a fractured portion of the femur relative to the remainder of the 
femur by engagement with the intramedullary nail. The blade is adapted to engage the fractured 
portion of the femur and the intramedullary nail in a manner resisting rotation. The blade is also 
fixed axially with respect to the intramedullary nail. In this manner, movement of the fractured 
portion of the femur relative to the remainder of the femur in any plane or rotation around any axis 
is minimized, and healing time is improved. 

[0023] The apparatus and method of the invention provide a femur fracture treatment which 
permits use of the leg soon after treatment. The apparatus is configured to withstand high loads and 
fix the fractured portion of the femur. In the region of the blade passage, the intramedullary nail is 
preferably enlarged, providing high strength and stiffness. 

[0024] An additional aspect of the invention comprises a blade guide and a method of using the 
blade guide to treat a femur fracture using the nail and blade(s) of the invention. In one embodiment, 
the blade guide has a first, generally planar portion for connection to the proximal end of a nail. The 
blade guide has a second portion having at least one passage there through. When the blade guide 
is connected to an intramedullary nail located in the distal end of a femur, the second portion of the 
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blade guide is located at the medial or lateral side of the distal femur. The passage in the second 
portion of the blade guide aligns with the blade passage through the intramedullary nail. 

[0025] In use, the blade guide is connected to the proximal end of an intramedullary nail which is 
then placed, or already placed, in a femur. In one embodiment, the first portion of the blade guide 
is connected to the nail with a screw. Because of the generally planar, thin nature of the first portion 
of the blade guide, the knee may be extended after connection of the blade guide. 

[0026] A passage is then formed in the femur. The passage is formed using the passage through 
the blade guide which is aligned with the blade passage in the nail. The passage in the femur may 
be formed by drilling, punching or the like. Thereafter, one or more blades may be placed into the 
femur and into engagement with the intramedullary nail. 

[0027] Further objects, features, and advantages of the present invention over the prior art will 
become apparent from the detailed description of the drawings which follows, when considered with 
the attached figures. 
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DESCRIPTION OF THE DRAWINGS 
[0028] FIGURE 1 A is a perspective view of a fractured femur and a device for use in immobilizing 
the fracture in accordance with the prior art; 

[0029] FIGURES IB and 1C illustrate other devices in accordance with the prior art; 

[0030] FIGURE 2 is a plan view of an intramedullary nail of an apparatus for treating a fracture 
of the distal femur in accordance with an embodiment of the invention; 

[003 1 ] FIGURE 3 is a cross-sectional view of the intramedullary nail illustrated in Figure 2 taken 
along line 3-3 therein; 

[0032] FIGURE 4 is a perspective view of a blade of an apparatus for treating a fracture of the 
distal femur in accordance with an embodiment of the invention; 

[0033] FIGURE 5 illustrates in partial cross-sectional view an intramedullary nail and connected 
blade inserted into a fractured distal femur; 

[0034] FIGURE 6 illustrates the assembly of Figure 6 rotated ninety-degrees; 

[0035] FIGURE 7 illustrates an apparatus for treating a femur fracture in accordance with another 
embodiment of the invention, the apparatus including an intramedullary nail and a pair of blades; 

SWANS.0003P -10- EXPRESS MAIL: ER155370096US 



[0036] FIGURE 7A illustrates the pair of blades engaging a passage of the intramedullary nail 
illustrated in Figure 7; 

[0037] FIGURE 8 illustrates an apparatus for treating a femur fracture in accordance with another 
embodiment of the invention, the apparatus including a locking pin; 

[0038] FIGURE 9 is a top plan view illustrating a blade guide in accordance with an embodiment 
of the invention, the blade guide illustrated attached to an intramedullary nail inserted into a femur; 

[0039] FIGURE 10 is a side view of the blade guide illustrated in Figure 9; 

[0040] FIGURE 1 1 is a view of the blade guide in the direction of line 11-11 in Figure 9; 

[0041] FIGURE 12 is a top plan view illustrating the correspondence between the blade guide of 
the invention and a blade inserted into a femur; and 

[0042] FIGURE 13 is a side view of the blade guide and inserted blade illustrated in Figure 12. 
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DETAILED DESCRIPTION OF THE INVENTION 
[0043] The invention is a method and apparatus for treating fractures of the distal femur. In the 
following description, numerous specific details are set forth in order to provide a more thorough 
description of the present invention. It will be apparent, however, to one skilled in the art, that the 
present invention may be practiced without these specific details. In other instances, well-known 
features have not been described in detail so as not to obscure the invention. 

[0044] One or more embodiments of the invention comprise an apparatus for treating a 
supracondylar femur fracture, otherwise known as a fracture of the distal femur. In general, the 
apparatus comprises an intramedullary nail for location at least partially in the femur. The apparatus 
includes at least one stabilizing member for engaging a portion of the femur and the intramedullary 
nail. The at least one stabilizing member is adapted to cooperate with the intramedullary nail to fix 
fractured portions of the femur to one another. In one embodiment, the at least one stabilizing 
member comprises a blade which engages a portion of the intramedullary nail in a secure manner 
preventing axial and radial movement with respect thereto. The blade is also adapted to engage a 
portion of the femur in a secure manner, preferably preventing at least rotation relative thereto. 

[0045] One or more embodiments of the invention comprise a method of treating a fracture of the 
distal femur. In one embodiment the method comprises a method of placing the intramedullary nail 
in the femur, and placing the blade in the femur and securing it to the intramedullary nail. 
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[0046] One embodiment of an apparatus for treating a fracture of the distal femur in accordance 
with the invention will now be described with reference to Figures 2-6. As illustrated, an apparatus 
in accordance with the invention includes an intramedullary nail 20. The nail 20 is referred to as an 
intramedullary nail because, as described below, at least a portion of the nail 20 is adapted to be 
located within the medullary space of a femur. 

[0047] In one embodiment, as illustrated in Figures 2 and 3, the intramedullary nail 20 comprises 
a rod-like member having a proximal end 22 and a distal end 24. As illustrated, the term "end" as 
used herein is not limited to a terminus of the member, but more generally a region thereof. 

[0048] Referring to Figure 3, in one embodiment the intramedullary nail 20 has a generally circular 
cross-section along most of its length. At the terminus of the distal end 24, the nail 20 preferably 
forms a generally hemi-spherical or bullet-shaped, smooth distal tip 25. The distal tip 25 of the distal 
end 24 of the intramedullary nail 20 may have other shapes, but preferably is adapted to be inserted 
into the femur in a manner reducing the damage to the femur. 

[0049] In a preferred embodiment of the invention, the intramedullary nail 20 includes a blade 
passage 26 for accepting a stabilizing member in the form of a blade there through. Details of such 
a blade are provided below. As illustrated, the blade passage 26 is located at, and extends through, 
the proximal end 22 of the intramedullary nail 20. Preferably, a portion of the intramedullary nail 
20 about a blade passage 26 is of an increased dimension. In one embodiment, the dimension of the 
nail 20 is increased in a first plane there through, and not in a second plane extending generally 
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perpendicular to the first. In a preferred arrangement, the increased dimension is in a plane which 
corresponds to the sagittal plane when the nail 20 is positioned in a femur, while the nail 20 retains 
the same dimension in the coronal plane. 

[0050] In a preferred embodiment, a substantial portion of the intramedullary nail 20 is generally 
straight, extending along a central axis. In a preferred embodiment, however, the nail 20 bends at 
an angle distal of the area of increased dimension. In one embodiment, the nail 20 bends at 
approximately a 10 degree angle from the central axis C, extending along an offset axis C\ As 
described below, the exact bend angle and location of the bend is preferably selected to aid in 
insertion of the nail 20 into the femur and align the nail 20 centrally along the femur. 

[005 1 ] The proximal end 22 of the intramedullary nail 20 preferably terminates in a proximal tip 
23. In one embodiment, the proximal tip 23 is generally planar, the plane defined by the tip 
positioned generally perpendicular to the axis. Preferably, the blade passage 26 is located some 
distance along the axis towards the distal end 24 of the intramedullary nail 20 from the proximal tip 
23. 

[0052] If the intramedullary nail 20 is constructed with a great length, the intramedullary nail 20 
may be bent or bowed slightly to accommodate the curvature of the femur. It is noted that when the 
blade passage 26 is generally perpendicular to the portion of the intramedullary nail 20 through 
which it passes, then the intramedullary nail 20 may be used in either the right or left femur even 
though it is provided with a bend. 
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[0053] The size and dimensions of the intramedullary nail 20 may vary. In general, the 
intramedullary nail 20 is sized to fit within the medullary space of a femur, extending from a distal 
end of the femur towards the proximal end thereof. In one embodiment the intramedullary nail 20 
is approximately 250 - 360 mm long from end to end. The intramedullary nail 20 has a diameter of 
about 10-16 mm in the area excepting the enlarged portion of the proximal end 22. The 
intramedullary nail 20 has a diameter of about 12-20 mm in the enlarged area thereof about the 
blade passage 26. The outer surface of the intramedullary nail 20 is preferably polished smooth and 
burr-free. In order to provide for a maximum load carrying capability relative to the size of the 
intramedullary nail 20, the intramedullary nail 20 is preferably of a substantially solid (i.e. not 
substantially hollow) material construction. 

[0054] In one embodiment, a narrow passage may be provided through the intramedullary nail 20 
from the proximal tip 23 to the distal tip 25. In this arrangement, the intramedullary nail 20 has a 
cannula type arrangement permitting it to be passed along a guide wire for insertion into a femur. 

[0055] In one embodiment, means are provided for securing the distal end 24 of the intramedullary 
nail 20 to a portion of a femur in which it is inserted. In a preferred embodiment, the means includes 
at least one locking member. The locking members may comprise pins or screws 28. Such screws 
28 are well known. The screws 28 are adapted to pass through passages 30,32 in the intramedullary 
nail 20. In one or more embodiments, the passages 30,32 are preferably spaced about 20-40 mm 
apart. Instead of screws, bolts having self-cutting threads may be used. One or more of the passages 
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30,32 may be oval or elongate in shape to allow axial sliding of the nail in the femur for compression 
at the fracture site. Further, the passages 30,32 may be located in the sagittal or coronal plane. 

[0056] The screws 28 may have a variety of sizes. In one embodiment, each screw 28 is about 30- 
35 mm long and about 4-6 mm in outer diameter. 

[0057] As detailed above, in a preferred embodiment, at least one member is adapted to connect 
to the intramedullary nail 20 and engage the femur in a secure manner. In one embodiment, this 
member comprises a blade 34. 

[0058] An embodiment of a blade 34 in accordance with the invention will be described with 
reference to Figure 4. In a preferred embodiment, the blade 34 is arranged to engage a portion of a 
femur in a manner which generally prevents movement of the engaged portion of the femur relative 
to the blade 34. In one embodiment, the blade 34 is a generally elongate member having a proximal 
end 36 and a distal end 38. As in the case of the intramedullary nail 20, reference to an "end" is not 
limited to the terminus of the blade 34, but generally includes a portion of the blade 34. 

[0059] In one or more embodiments, at least a portion of either or both the proximal end 36 and 
distal end 38 of the blade 34 has a shape designed to engage a portion of a femur and resist relative 
rotation of the femur with respect to the blade 34. In a preferred embodiment, that portion of the 
blade 34 has a cross-section which is not circular or generally circular, which does not form a 
helix/spiral, and which includes at least two or more generally planar surfaces which meet at an 
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angle. Preferably, the angle at which the planar surfaces intersect is an acute or perpendicular angle 
between 20 and 90 degrees. In one embodiment, the portion of the blade 34 at which the surfaces 
intersect is at a maximum radial distance from the center of the blade 34, so that the intersection 
engages the femur when placed in a generally circular bone. 

[0060] One specific embodiment of the blade 34 embodying these characteristics is illustrated in 
Figure 4. This blade 34 has a generally "I" shaped cross-section along its length. Other cross- 
sectional shapes may be provided, such as "+" "X" and "T". 

[0061] The dimensions of the blade 34 may vary. In one or more embodiments, the blade 34 is 
about 40-60 mm long. The blade 34 has width and depth dimensions which permit it to fit within 
an appropriately sized and shaped blade passage. 

[0062] As described in more detail below, the blade 34 is adapted to engage the intramedullary nail 
20. As noted above, the intramedullary nail 20 includes a blade passage 26 for acceptance of at least 
a portion of the blade 34 there through. 

[0063] In the embodiment where the blade 34 has a generally "I" shaped cross-section, the blade 
passage 26 may be generally rectangular in shape, as illustrated in Figures 2 through 6. In one or 
more embodiments, as best illustrated in Figures 2 and 4, the blade passage 26 extends through the 
intramedullary nail 20 at an angle a. In one embodiment, the angle a is between about 84 and 96 
degrees, and more preferably 90 degrees, with respect to the axis C\ In other words, the blade 
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passage 26 extends through the intramedullary nail 20 generally perpendicular (i.e. 84-96 degrees 
offset) to a direction along the length of the nail. It is possible for the blade passage 26 to extend 
through the nail 20 at greater or lesser angles. 

[0064] In a preferred embodiment, the blade passage 26 through the intramedullary nail 20 is 
adapted to cooperate with the blade 34 in order to limit, if not generally prevent, movement of the 
blade 34 with respect thereto at one or more times. 

[0065] In one embodiment, means are provided for preventing both rotational and axial movement 
of the blade 34 relative to the intramedullary nail 20. As illustrated, the means for preventing 
rotational movement may comprise a configuration of the blade 34 and blade passage 26 relative to 
one another. The size and shape of the blade 34 is selected with reference to the size and shape of 
the blade passage 26, such that one or more surfaces of the blade 34 and blade passage 26 engage 
one another when an attempt is made to rotate the blade 34 relative to the blade passage 26, 
preventing or limiting relative rotation thereof. 

[0066] In one or more embodiments, the means for preventing axial movement comprises at least 
one locking member. Referring to Figure 3, the locking member may comprise at least one screw 
40. As illustrated, the intramedullary nail 20 includes a passage 42 extending from the proximal tip 
23 to the blade passage 26. The passage 42 is threaded. Preferably, the passage 42 extends generally 
parallel to, if not along, the axis C extending through that portion of the nail 20. 
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[0067] The screw 40 is adapted to be inserted into the passage 42. The screw 40 has external 
threads thereon for engaging the threaded passage 42. 

[0068] A method of treating a fracture of the distal femur will now be described primarily with 
reference to Figures 5 and 6. In this description, reference will be made to the apparatus illustrated 
in Figures 2-4 and described in detail above. 

[0069] The distal end of the femur is exposed. This may be accomplished with a variety of 
surgical techniques and generally occurs with the knee flexed or bent. 

[0070] A bore is created in the femur. Preferably, the bore extends from the distal end of the 
femur, including the portion distal of the fracture of the femur (such as the condyles), through the 
interior of the femur towards its proximal end. The length of the bore is preferably selected so that 
all or substantially all of the intramedullary nail 20 may be located within the bore. In general, it is 
undesirable for the proximal end 22 of the intramedullary nail 20 to extend outwardly from the femur 
at its distal end once the nail 20 is placed. The intramedullary nail 20 is placed in the bone. As 
stated above, a guide wire may be placed in the bone and then the nail 20 passed thereover for 
guiding the nail 20 into the bone. 

[007 1 ] The blade 34 is placed into engagement with both the femur and the intramedullary nail 20. 
In one embodiment, a passage or bore is formed through the fractured portion(s) of the femur. In 
a preferred embodiment, the shape of the passage or bore which is created is the same as the cross- 
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sectional shape (or perimeter profile) of the blade or blades which are to be positioned therein. For 
example, referring to Figure 5 where the fracture is a fracture proximal to the condyles, the bore or 
passage is formed through the condyles. The bore extends inwardly from an exterior surface of the 
femur. The bore preferably aligns with the blade passage 26 through the intramedullary nail 20. 
Preferably, the bore and the blade passage 26 are co-axial, with little or no angular offset there 
between. A large angular offset will prevent extension of the blade 34 through the bore and blade 
passage 26. 

[0072] The blade 34 is inserted into the bore. The blade 34 is pressed inwardly until it passes 
through the blade passage 26. During insertion of the blade 34, the blade 34 is oriented so that it 
aligns with the passage 26. For example, referring to Figure 5, the blade is oriented so that its larger 
height dimension aligns with the larger height dimension of the rectangular blade passage 26. 

[0073] The blade 34 is fully extended into the bore or passage, preferably until the blade 34 does 
not protrude significantly from the exterior of the femur. Once the blade 34 is positioned, it is 
locked to the intramedullary nail 20. In one embodiment, the screw 40 is threaded into the passage 
42 extending into the proximal end 22 of the nail 20. The screw 40 is threaded inwardly until it 
engages the blade 34. So engaged, the screw 40 applies pressure to the blade34, binding it against 
the intramedullary nail 20 within the blade passage 26. 

[0074] One or more screws 28 are passed from an exterior portion of the femur into the femur and 
through a corresponding passage 30,32. In one embodiment, two screws 28 are passed through 
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corresponding passages 30,32 in the intramedullary nail 20. Locator bores may be formed in the 
femur before engaging the screws 28 with the femur, thus ensuring that the screws engage the 
passages 30,32 in the nail 20. Preferably, the screws 28 are extended into the femur until a head of 
the screw is generally flush with the exterior of the femur. In addition, the screws 28 are preferably 
of a length that when fully engaged, a portion of each screw engages the femur on either side of the 
intramedullary nail 20. 

[0075] Various configurations of apparatus other than that illustrated in Figures 2-4 and detailed 
above are contemplated as within the scope of the invention. 

[0076] With respect to the fixation of the distal end of the nail 20 to the femur, in one or more 
embodiments there may be provided as few as one or more than two screws 28 or other means for 
attaching or securing the intramedullary nail 20 to the femur. For example, three passages may be 
provided through the intramedullary nail 20 for accepting three screws for securing the 
intramedullary nail to the femur. In one or more embodiments, the holes for accepting the one or 
more screws 28 can be in coronal, sagittal, or a combination of such planes with respect to the femur 
and intramedullary nail. 

[0077] In one or more embodiments, additional means may be used to connect the nail 20 to the 
femur. For example, as illustrated in Figure 6 the intramedullary nail 20 may be provided with one 
or more additional passages or bores 44 for accepting screws or other locking members. 
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[0078] The cross-section of the intramedullary nail 20 may be other than circular. For example, 
in one embodiment the cross-section of the intramedullary nail 20 may be oval in one or more areas. 
In one embodiment, the cross-section of the intramedullary nail 20 may be circular except in the 
enlarged area about the blade passage 26, wherein the cross-section is generally oval. 

[0079] The means for securing the blade 34 to the intramedullary nail 20 may be other than that 
described above. For example, more than one screw may be use to secure the blade 34 to the 
intramedullary nail 20 to prevent axial movement thereof. Other means may be provided for 
securing the blade 34 to the intramedullary nail 20. For example, the means may comprise a pin 
which may engage the intramedullary nail in a locked and an unlocked position (such as by rotation 
where a catch on the pin engages a portion of the nail). In one embodiment, a pin or similar member 
may be arranged to extend into the intramedullary nail and also all or a portion of the blade. In this 
arrangement, the blade may be provided with closely spaced indentations or passages or an oblong 
passage which may be aligned with the passage 42 in the intramedullary nail. 

[0080] The blade 34 may be configured other than as illustrated. In one embodiment, only the 
proximal and distal ends 36,38 of the blade 34, or portions thereof, are configured to resist rotation 
when located in the femur. A portion between the ends 36,38 of the blade 34 may have a 
configuration which varies from the ends. For example, a portion of the blade 34 between its ends 
36,38 which is positioned within the blade passage 26 when the blade 34 is engaged with the nail 
20 may have a circular or other cross-section. In that event, rotation and axial movement of the 
blade 34 with respect to the nail 20 may be prevented with the screw alone. 
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[008 1 ] The blade 34 may have a variety of configurations other than specifically described above. 
As noted, it is desired that the blade 34 have one or more generally planar outer surfaces which meet 
at an angle. Other than the shapes described above, the blade may have a star, square or triangular 
shaped perimeter. Of course, a wide variety of other configurations may be provided. 

[0082] The various components of the apparatus of the invention may be constructed from a wide 
variety of materials. In a preferred embodiment, the material is selected to provide appropriate 
strength and stiffness, and be bio-compatible with a human, including a human's immune system. 
Preferably, the material is biologically inert and sterilizeable. One preferred material is stainless 
steel. Titanium, cobalt, chromium and other materials may be used. 

[0083] Figures 7, 7A and 8 illustrate another embodiment of an apparatus for treating a fracture 
of the distal femur. This embodiment apparatus includes an intramedullary nail 120 and a first blade 
134a and a second blade 134b. 

[0084] In general, the intramedullary nail 120 is similar to the intramedullary nail 20 described 
above and illustrated in Figures 2 and 3. In this embodiment, however, the intramedullary nail 120 
includes a passage 1 26 which is generally oval in shape. The first and second blades 1 34a,b are also 
configured similar to the blade 34 described above and illustrated in Figure 4. 
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[0085] In this embodiment of the invention, the blade passage 126 and blades 134a,b are 
configured to cooperate so that the blades 134a,b securely engage the intramedullary nail 120 to 
prevent relative movement there between. Preferably, the relative movement which is resisted or 
prevented is relative rotational movement of either or both blades 134a,b with respect to the 
intramedullary nail 120. 

[0086] In a preferred embodiment, the size of the passage 126 and the size of each blade 134a,b 
is selected so that when a single blade 134a,b is located in the passage 126, that blade 134a,b is 
freely moveable, including rotatable. However, the sizes of the blades 134a,b and passage 126 are 
selected so that when the second blade 134a,b is positioned in the passage 126 along with the first 
blade 134a,b, rotation of the blades 134a,b with respect to the intramedullary nail 120 is resisted. 

[0087] In one embodiment, the oval has a pair of foci which are located fairly proximate to one 
another. The blades 1 34a,b have a width which is nearly as great if not greater than their height. In 
one embodiment, the total height of the two blades 134a,b stacked upon one another is 
approximately the same as the height of the blade 34 illustrated in Figure 4, such that the size of the 
passage in the nail 120 in which the blades 134a,b are placed is not so great that the strength of the 
nail is compromised. 

[0088] Use of this embodiment apparatus is similar to that described above. One of the blades 
134a,b is extended through the passage 126. The second blade 134a,b is also extended through the 
passage 1 34a,b. A screw or similar member is preferably again extended into the intramedullary nail 
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1 20 for engaging one of the blades 1 34a,b, generating a force which further locks the blades 1 34,a,b 
in place and preventing rotational and axial movement thereof. 

[0089] An advantage of this embodiment apparatus is a secure locking structure and use of smaller 
blades, each of which alone is easier to manipulate. The arrangement of the blades 134a,b and 
passage 126 is such that the first blade 134a,b inserted into the passage 126 may be inserted in any 
orientation and is freely moveable. The second blade 1 34a,b is then inserted in a specific orientation 
to mate with the blade which was first inserted, thus securing the blades 134a,b. In addition, 
insertion of the first blade aids in stabilizing the position of the fracture. Then, after insertion of the 
first blade, further alignment of the fracture is possible before locking the position of the fracture by 
insertion of the second blade. 

[0090] In similar fashion to that described above, the intramedullary nail 1 20 and the blades 1 34a,b 
may have a wide variety of configurations. For example, a number of configurations of two or more 
blades may be provided which cooperate with a passage as described above to achieve a locking 
effect. In one embodiment, the blades may have an "X" "+" "T" or other cross-section or a 
combination of these cross-sections, where the legs of the blades abut to achieve the locking. Also, 
the shape of the passage may vary. As noted, it is preferred that the shape and size of the passage 
and blades be chosen such that individual blades positioned in the passage are .moveable (including 
rotatable), but whereby locking is achieved when the second, third or other additional blade is 
located in the passage. For example, in one embodiment, the portion of each blade which extends 
through the passage may be circular. Each blade may include a cut-out, such that when the cut-outs 
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are aligned, a bar may be extended along the length of the blades in the aligned cut-outs, locking the 
blades together. 

[0091] In one variation of the invention, movement of the blade or blades may be substantially 
limited by a locking pin. Referring to Figure 8, a passage may be provided through the blade or 
blades, which passage(s) may be aligned with the passage at the proximal end of the nail. Instead 
of providing a set screw, an elongate pin may be extended through the passage in the nail and the 
passage in each blade. In a preferred embodiment, a locking passage extends through the nail at an 
opposing portion of the blade passage opposite the passage extending from the proximal end of the 
nail. The tip of the pin is extended into this opposing passage, preventing movement of the pin and 
the blade through which it extends. Again, the pin is preferably locked in position with threads 
located thereon which engage threads in the passage at the proximal end of the nail. 

[0092] Regardless of the shape of the portion of the blade(s) which engage the passage 126, it is 
desired that at least a portion of the remainder of the blades 134a,b be arranged to resist rotation of 
the femur with respect to the blade(s). 

[0093] In accordance with the present invention there is also provided a blade guide 200. The 
blade guide 200 of the invention, including its use, will be described with reference to Figures 9-13. 

[0094] As illustrated in Figures 9-11, the blade guide 200 has a generally planar mounting portion 
202. Referring to Figure 1 1, the mounting portion 202 is generally "C" or "U"-shaped. In one 
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embodiment, the mounting portion 202 of the blade guide 200 includes a nail attachment portion 
204, an extension 206, and a guide attachment portion 208. The nail attachment portion 204 and 
guide attachment portion 208 extend generally parallel to one another, and are connected by the 
extension 206 extending there between. 

[0095] A passage 2 1 0 is provided through the nail attachment portion 204, preferably near an end 
thereof opposite the extension 206. As detailed below, the passage 210 is adapted to permit 
attachment of an intramedullary nail 20 of the invention to the blade guide 200. 

[0096] The nail attachment portion 204 has a length sufficient to extend from a centerline of a 
femur to a point exterior to the femur, as best illustrated in Figure 11. The extension 206 extends 
from the nail attachment portion 204 generally perpendicular to the nail attachment portion 204. The 
extension 206 has sufficient length to extend outwardly of the femur in a direction perpendicular to 
the nail attachment portion 204 (i.e. to a medial or lateral portion thereof), as also illustrated in 
Figure 1 1 . 

[0097] The guide attachment portion 208 extends perpendicular to the extension 206, preferably 
in a direction back towards a femur (i.e. in the same direction from the extension 206 as the nail 
attachment portion 204). 

[0098] As best illustrated in Figures 9 and 10, a guide 212 extends from the guide attachment 
portion 208. The guide 212 preferably extends upwardly from the guide attachment portion 208 
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generally perpendicular to a plane in which the mounting portion 202 of the blade guide 200 is 
positioned. 

[0099] As illustrated, the guide 2 1 2 is a generally rectangular body. As illustrated, the guide 2 1 2 
extends upwardly from the guide attachment portion 208 at an angle 9. This angle 0 is preferably 
less than 90 degrees, and more preferably between 60 and 85 degrees. The exact angle is chosen so 
that a blade passage 214 is aligned with the blade passage 26 in an intramedullary nail 20 located in 
the femur, as detailed below. 

[0100] The blade passage 214 is provided through the guide 212 in a plane parallel to the mounting 
portion 202 of the blade guide 200. The blade passage 214 is sized to permit passage of a blade of 
the invention there through under close tolerances. Of course, in an embodiment where the passage 
26 through the intramedullary nail 20 is at an angle other than perpendicular thereto (such as 84 
degrees) then the blade passage 214 is similarly offset and not parallel to the mounting portion 202 
(i.e. offset by 6 degrees in that case). 

[0101] In general, the blade guide 200 of the invention is designed to aid in the formation of a 
blade passage into or through a femur and location of a blade in the passage or bone formed in the 
femur. More particularly, the blade guide 200 is designed for use in forming a blade passage through 
a femur in alignment with a blade passage through an intramedullary nail of the invention, and 
location of a blade or blades in that passage and the nail. 
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[01 02] Use of the blade guide 200 of the invention will be described with reference to Figures 1 2 
and 13. In a preferred embodiment of the invention, an intramedullary nail in accordance with the 
invention is placed in a femur, such as in a manner described above. Reference is specifically made 
to the embodiment nail 20 illustrated in Figures 2-6, though other devices may be used. As detailed 
above, and as illustrated in Figures 12 and 13, the nail 20 has a blade passage 26 extending there 
through. 

[0103] The blade guide 200 of the invention may be attached either before insertion of the nail 20 
or after insertion, preferably at the proximal end 22 of the nail. In one embodiment, the blade guide 
200 is attached to the intramedullary nail 20 with a screw or bolt 216. The screw or bolt 216 is 
adapted to pass through the passage 210 in the nail mounting portion 206 of the blade guide 200, 
engaging the blade guide 200 and then the nail 20. As described above, in one embodiment, such 
as that illustrated in Figures 3 and 7, the nail 20 includes a passage extending inwardly from the 
proximal end 22 thereof, that passage being threaded. In one embodiment, the screw or bolt 2 1 6 may 
comprise the screw 40 which is ultimately used to affix the blade to the nail 20, as illustrated in 
Figure 6, or may alternatively comprise a different, similarly threaded screw or bolt. In such an 
arrangement, the screw is first not threaded into the blade passage 26, but only into engagement with 
the blade guide 200 and nail 20. 

[0104] As detailed above, when the nail 20 is inserted into the femur, such is preferably done with 
the knee flexed or bent to permit access to the axis of the femur. After the blade guide 200 is affixed 
to the intramedullary nail 20, however, the knee may be extended, as illustrated in Figures 12 and 
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13. At this time, the blade guide 200 is affixed to the intramedullary nail 20 and extends from the 
femur with the guide 212 at a location exterior to the femur. Furthermore, the passage 214 in the 
guide 2 1 2 of the blade guide 200 is aligned with the blade passage 26 through the intramedullary nail 
20, when considering both location and orientation. 

[0105] In a next step, a passage is formed through the femur into which a blade 34 or blades of the 
invention may be located. In one embodiment, small pilot holes may be drilled through the femur 
by locating a drill bit at each corner of the passage 214 in the guide 212, and then drilling inwardly 
through the femur. A punch may then be used to knock out the portion of the femur bounded by the 
pilot holes. 

[0106] Of course, a wide variety of techniques may be used to form the blade passage through the 
femur. Such techniques may include drilling, punching, boring or the like. In one or more 
embodiments, one or more additional templates may be connected to the blade guide 200 if a 
particular portion of an area aligned with the passage 214 is to be drilled or bored. Such templates 
are useful in aligning and stabilizing a drill bit or other member used to drill a portion of a femur 
aligned with the portion of the passage 214. In one embodiment, one or more templates or the like 
may be placed into engagement with the passage 214, each template having one or more smaller 
passages defined there through for accepting a drill bit or the like. Such templates are useful in 
particularly locating a bit or the like for forming a passage. Preferably, the template is removable, 
so that once the passage in the femur is formed, the blade may be passed through the passage in the 
blade guide into engagement with the femur. 
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[0107] It will be appreciated that because the passage 214 through the guide 212 is aligned with 
the blade passage 26 through the intramedullary nail 20, the blade passage formed by drilling, 
punching or the like is aligned through the femur with the blade passage 26 in the nail 20. 

[0108] Once the blade passage is formed through the femur, the one or more blades 34 of the 
invention may be located therein. The blade or blades 34 are passed through the passage 2 1 4 in the 
guide 212 portion of the blade guide 200. Once positioned in the femur and the blade passage 26 
through the intramedullary nail 20, the blade(s) 34 may be affixed to the nail 20 in a manner 
described above. For example, the screw 40 (which may also comprise the screw 216) may be 
threaded inwardly into engagement with the blade(s) 34, locking it (them) in position. 

[0109] After placement of the blade(s) 34, the blade guide 200 may be removed from the nail 20. 

[0110] It will be appreciated that the exact configuration of the blade guide 200 depends 
substantially upon the configuration of the intramedullary nail to ensure alignment of the passages 
to be formed. For example, as the angle of the bend in the intramedullary nail 20 (angle p as 
illustrated in Figure 3) varies, so must the angle of the guide 212 portion of the blade guide 200 
and/or the location of the passage 214 therein. 
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[01 11] In an embodiment where the blade passage 26 through the intramedullary nail 20 is tilted 
(such as at an angle a as illustrated in Figure 5), then the passage 214 through the guide 212 portion 
of the blade guide 200 is similarly oriented. 

[0112] The exact shape and size of the passage 214 is preferably dependent upon the shape and 
size of the blade or blades which are to be placed. Thus, the size and shape of the passage 2 1 4 may 
be dictated in a similar manner to the passage 26 described above with respect to the intramedullary 
nail 20. 

[0113] Preferably, the blade guide 200 is made of a similar material as the nail 20, such as an inert, 
sterilizeable material. At least the portion of the blade guide 200 surrounding the passage 214 is 
preferably constructed of a very durable material so as to prevent damage thereto when drilling or 
punching. 

[0114] In one embodiment, the blade guide 200 is constructed as a single or unitary element. In 
one or more embodiments, the blade guide 200 may comprise multiple elements which are 
connectable. In one embodiment, the relative location and/or orientation of the portions of the blade 
guide 200 may be adjustable. In this manner, the blade guide 200 may be adapted for use in a variety 
of different situations, such as to accommodate differing sizes and shapes of femurs. In one 
embodiment, the guide 212 portion of the blade guide 200 may be removable, and more than one 
guide 2 1 2 may be provided. One guide 2 1 2 may have a plurality of passages there through or a collet 
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or the like for aligning drill bits. Another guide 212 may then have a blade aligning passage for 
insertion of the blade(s) into the femur. 

[0115] It will be appreciated that the exact order of the steps of the method(s) described herein may 
vary. For example, it is possible to use the blade guide 200 to form the passage in the femur and 
then remove the blade guide 200 before placing the blade(s). 

[0116] As stated, the first or mounting portion 202 of the blade guide 200 is preferably generally 
planar and relatively thin. This construction allows the knee to be extended even when the blade 
guide 200 is connected to the intramedullary nail 20. This is important, for when the knee is 
extended, more accurate alignment of the femur, nail and guide may be achieved. 

[0117] It will be understood that the above described arrangements of apparatus and the method 
therefrom are merely illustrative of applications of the principles of this invention and many other 
embodiments and modifications may be made without departing from the spirit and scope of the 
invention as defined in the claims. 
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